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Background: Malaria control interventions have been scaled-up in Zambia in conjunction with a malaria surveillance
system. Although substantial progress has been achieved in reducing morbidity and mortality, national and local
information demonstrated marked heterogeneity in the impact of malaria control across the country. This study
reports the high burden of malaria in Nchelenge District, Luapula Province, Zambia from 2006 to 2012 after seven
years of control measures.
Methods: Yearly aggregated information on cases of malaria, malaria deaths, use of malaria diagnostics, and
malaria control interventions from 2006 to 2012 were obtained from the Nchelenge District Health Office. Trends
in the number of malaria cases, methods of diagnosis, malaria positivity rate among pregnant women, and
intervention coverage were analysed using descriptive statistics.
Results: Malaria prevalence remained high, increasing from 38% in 2006 to 53% in 2012. Increasing numbers of
cases of severe malaria were reported until 2010. Intense seasonal malaria transmission was observed with
seasonal declines in the number of cases between April and August, although malaria transmission continued
throughout the year. Clinical diagnosis without accompanying confirmation declined from 95% in 2006 to 35% in
2012. Intervention coverage with long-lasting insecticide-treated nets and indoor residual spraying increased from
2006 to 2012.
Conclusions: Despite high coverage with vector control interventions, the burden of malaria in Nchelenge
District, Zambia remained high. The high parasite prevalence could accurately reflect the true burden, perhaps in
part as a consequence of population movement, or improved access to care and case reporting. Quality
information at fine spatial scales will be critical for targeting effective interventions and measurement of progress.Background
Zambia is a malaria-endemic country in sub-Saharan
Africa with an estimated 4.5 million malaria episodes
and 7,737 malaria-related deaths in 2011 [1,2]. The
majority of malaria episodes were caused by Plasmo-
dium falciparum [1] and the major malaria vectors are
Anopheles gambiae, Anopheles arabiensis and Anopheles
funestus [3]. To reduce the disease burden, several* Correspondence: ubydul.kth@gmail.com
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2006–2011, including case management with rapid
diagnostic tests (RDTs) and artemisinin-combination
therapy (ACT), distribution of long-lasting insecticide-
treated nets (LLINs) and indoor residual spraying (IRS)
[1]. The country has also made progress in training
community health workers on the use of RDTs and
ACT [4]. During this time, approximately 24 million
LLINs (PermaNet®,Vestergaard Frandsen, and Olyset®,
Sumitomo Chemical) were distributed and six million
houses were covered with IRS using various chemicals
(pyrethroids: lambda cyhalothrin, deltamethrin, alpha-al Ltd. This is an Open Access article distributed under the terms of the Creative
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ethane (DDT); carbamates: bendiocarb and organophos-
phates: pirimiphos-methyl) [1,4,5]. The National Malaria
Control Centre (NMCC) facilitated the implementation
of these control strategies with awareness campaigns
and provided information and education communication
(IEC) using behaviour change communication (BCC) tech-
niques at the community level.
Zambia has a comprehensive disease surveillance sys-
tem through the national District Health Information
System (DHIS) which includes all public, faith-based and
private hospitals as well as rural health centres within an
integrated reporting system [4,5]. Of the 14 health facilities
in Nchelenge District, 11 report to the surveillance system.
The Nchelenge District Health Office (DHO) is respon-
sible for planning, coordinating, managing, implementing,
and monitoring health programmes in the District [4].
After six years of implementing malaria control inter-
ventions, reductions in malaria infection, illness, severe
disease, and death have been reported across much of
the country [3,6-9]. However, in some parts of the coun-
try there has been limited reduction or even resurgence
of malaria, raising concerns about whether recent gains
can be sustained and extended [1]. This study reports onFigure 1 Location of Nchelenge District. (Green line indicates an interna
color indicates area covered by Lake Mweru and pink indicate Nchelenge dthe persistent high burden of malaria following the
scale-up of malaria control interventions and the pres-
ence of insecticide resistance in Nchelenge District,
Luapula Province in northern Zambia [3].
Methods
Nchelenge District is in the northwest of Luapula Province
in the marshlands of the Luapula River and bordering
Lake Mweru, sharing an international border with the
Democratic Republic of Congo (Figure 1). Nchelenge has
a tropical climate with three seasons: a cool, dry winter
(May-August), a hot, dry season (September-October),
and a hot, rainy season (November-April) [10]. The
population Census in 2010 recorded 147,927 people:
72,797 males and 75,130 females, living in 31,724 houses
[11]. Fishing and agriculture are common means of liveli-
hood. Some people engage in fishing, leading nomadic
lifestyles and move to agricultural regions when fishing is
not permitted.
DHIS data were collected at 11 health facilities in paper
form and were sent to the DHO for electronic entry and
validation. Information on cases of malaria, malaria
deaths, use of malaria diagnostics, and malaria control
interventions were obtained from the Nchelenge DHOtional border. Black line indicates district boundary within Zambia. Blue
istrict in Zambia).
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collate the number of malaria cases (malaria is considered
to be cases with fever who require anti-malarial treatment
[12]) diagnosed by direct microscopy, RDT or based on
clinical symptoms [13] reported by health facilities. Yearly
aggregated IRS coverage of targeted areas was captured
using daily spray forms that were consolidated at the
DHO. Data were also available on the number of LLINs
distributed annually through all distribution channels,
including antenatal and under-fives’ clinics and mass
vaccination campaigns. Coverage rate of LLINs (defined
as universal access and use of LLINs [14]) was calcu-
lated per 1,000 population assuming an average life span
of three years [15-17].
Trends in the prevalence of malaria, severe malaria (a set
of clinical and laboratory parameters associated with an
increased risk of death with the presence of Plasmodium
falciparum parasitaemia) [18] and malaria-attributable
deaths (malaria as the cause of death confirmed by
laboratory diagnosis in the hospital) from 2006 to 2012
were assessed for Nchelenge District. Malaria cases
were reported annually from 2006 to 2007 and monthly
from 2008 to 2012.
Demographic data from the 2000 and 2010 censuses
were obtained from the Zambian Bureau of Statistics
[11,19] and annual demographic data were projected for
2006 to 2009 and for 2011 to 2012 using an exponential
population growth model. The number of houses was
projected assuming linear growth. These estimates served
as denominators. Descriptive analyses were performed
regarding trends in the number of malaria cases,
methods of diagnosis, malaria positivity rate among
pregnant women, and interventions coverage from
2006 to 2012.
Entomological data were obtained from the Tropical
Diseases Research Centre (TDRC) and Luapula Health
Office. Entomological data collections were conductedTable 1 Reported malaria burden, diagnostic tests and interv
Year 2006 2007
Total population 134,363 139,025
Number of households 28,782 29,518
Number of malaria cases 51,567 46,737
Malaria prevalence (%) 38 34
% malaria cases confirmed by microscopy 5 6
% malaria cases confirmed by RDT 0 0
% clinically diagnosed malaria cases 95 94
Malaria prevalence among pregnant women (%) - -
LLIN coverage per person 0.07 0.57
IRS coverage (% of houses) 0 0
% of malaria cases that were classified as severe - -
% of malaria cases resulting in death 0.12 0.18in 2011 and 2012 by the TDRC using pyrethrum spray-
catches, mouth-aspirated hand catches and Centers for
Disease Control and Prevention (CDC) light-trap methods
to determine vector species and indoor densities. Malaria
vectors were identified morphologically as Anopheles gam-
biae s.l. and Anopheles funestus s.l. using standard keys
[20,21]. Insecticide resistance profiles of malaria vectors
were determined for 4% DDT and 0.05% deltamethrin
using the standard World Health Organization (WHO)
tube assay protocol [22].
Results
Reported malaria prevalence increased from 38% in
2006 to 53% in 2012 (Table 1). The number of reported
malaria cases per year was similar from 2006 to 2010
but increased in 2011 and 2012. Increasing numbers of
cases of severe malaria were reported until 2010, with
the highest number of deaths (n = 210) reported in 2008
and 2012. Intense seasonal malaria transmission was
observed with seasonal declines in the number of cases
between April and August, although malaria transmis-
sion continued throughout the year (Figure 2).
There was an increase in the reported use of micros-
copy and RDTs to confirm diagnoses, from 5% of cases
confirmed by microscopy (prior to the introduction of
RDT) in 2006 to 65% of cases confirmed in 2012, with
61% confirmed by RDT. Importantly, the proportion of
cases clinically diagnosed declined from 95% in 2006 to
35% in 2012 (Table 1). There was no clear temporal
trend for malaria in pregnant women.
Coverage with IRS and LLINs increased from 2006 to
2012. IRS was conducted in 109,095 houses between
2006 and 2012, resulting in coverage of more than 80%
of eligible targeted structures between 2006 and 2011.
Over the same period, 429,753 LLINs were distributed,
resulting in an estimated one LLIN for every two per-
sons in 2007 and higher coverage (1.24 LLIN per person)entions in Nchelenge district, 2006 to 2012
2008 2009 2010 2011 2012
143,847 144,957 147,927 152,216 157,118
30,253 30,989 31,724 32,460 32,500
56,355 52,073 53,328 67,923 83,951
39 36 36 45 53
2 2 7 4 3
18 21 28 68 61
80 77 65 28 35
24 46 33 65 55
1.06 1.55 1.27 1.73 1.24
71 89 73 95 19
3 4 4 4 2
0.25 0.20 0.16 0.23 0.25
Figure 2 Seasonal distribution of malaria cases in Nchelenge District (Deep blue, red, green, violet and light green line indicate total
cases in 2008, 2009, 2010, 2011 and 2012 respectively).
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in 2007 through the mass distribution programme. Add-
itional nets were distributed in 2011 to replenish those
distributed in 2007. The remaining nets were distributed
through the malaria in pregnancy programme at health
facilities.
In 2011, malaria vector data indicated a preponderance
of An. funestus with 83% An. funestus (N = 185) and 17%
(N = 37) An. gambiae collected by spray-catches. Using
the aspiration method, 280 mosquitoes were collected, of
which 96% (N = 260) were An. funestus and 4% (N= 20)
An. gambiae. In 2011, insecticide resistance was detected
in An. funestus to DDT and deltamethrin. The An. gam-
biae collected were resistant to DDT and deltamethrin.
In Zambia, evidence of emerging resistance to pyre-
throids and DDT in An. gambiae s.s. has been reported
since 2009 [3,23].
Discussion
Despite progress in scaling-up malaria control interven-
tions, a high burden of malaria remains in Nchelenge
District in northern Zambia. Similar findings were recog-
nized during the malaria programme review conducted in
2010 by an independent team of experts and concern was
expressed about malaria control in Luapula Province,
including Nchelenge District [4]. This study shows that
the trend has continued and may have worsened.
Malaria indicator surveys, which showed a decline in
malaria transmission and parasitaemia throughout
much of Zambia, identified several transmission foci
including Luapula Province [24]. Malaria cases declined inRwanda following the scale-up of malaria control inter-
ventions from 2000 to 2010 [25]. However, gains in mal-
aria control were not sustained in western Kenya [26] nor
achieved in Burkina Faso [27].
The recent increase in the reported number of mal-
aria cases could be attributed to increasing insecticide
resistance, population movement across borders or in-
ternally from endemic areas, increasing outdoor trans-
mission or increased use of RDTs for parasitological
confirmation in this highly endemic setting [3,23,28].
The very recent use of RDTs (in 2011 and 2012) coin-
cides with the increased reports of malaria cases dur-
ing the hot rainy season (Figure 2) so increases may
reflect improved diagnostic capabilities to identify less
severe cases. Better understanding of the sources of in-
creased reporting and whether continued effectiveness
of vector control strategies, transmission ecology, the
time and place of infection, and the vectorial capacity
in relation to control measures are essential. Routinely
collected data demonstrate that Nchelenge District
has a high prevalence of malaria but more detailed
information and risk maps using geographic infor-
mation system and remote sensing [29-32] will be re-
quired to identify the critical determinants of persistent
transmission to target more effective malaria control
strategies.
These analyses were based on routinely collected data
within the DHIS with the potential for both over and
under reporting of malaria cases. Data accuracy and com-
pleteness were not systematically assessed. Diagnoses
based on clinical signs and symptoms have the potential
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ited sensitivity and specificity, and are particularly likely to
misclassify individuals with low levels of parasitaemia.
Although Zambia has made progress with universal
coverage of malaria control interventions, there is still
need for more targeted interventions and novel strat-
egies in areas with unique characteristics, such as mobile
populations in border areas, fishing localities and water
bodies with swampy areas, and is consistent with the
National Malaria Strategic Plan (NMCC 2011–2015)
[33] which recommends selective applications of malaria
interventions based on epidemiological trends and status
for each region.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
VMM coordinated collection of data and contributed to critical review and
writing of the manuscript. EC, DEN, GEG and WJM contributed to the writing
of the manuscript and critically reviewed it. UH conceived the study design,
analysed the data and drafted the manuscript. MK, GM, JC, KAC, MM, MC,
MM contributed in manuscript writing. All authors read and approved the
final manuscript.
Acknowledgements
UH is supported by an A Ralph and Sylvia E Barr Fellowship from the W
Harry Feinstone Department of Molecular Microbiology and Immunology,
Johns Hopkins Bloomberg School of Public Health.
Author details
1Department of Public Health, Copperbelt University, School of Medicine,
Ndola, Zambia. 2Ministry of Health, National Malaria Control Centre, Lusaka,
Zambia. 3W Harry Feinstone Department of Molecular Microbiology &
Immunology, Johns Hopkins Bloomberg School of Public Health, Baltimore,
USA. 4Zambian Ministry of Environment and Statistics, Lusaka, Zambia.
5District Health Office, Nchelenge, Zambia. 6Luapula Provincial Medical Office,
Mansa, Zambia. 7Tropical Diseases Research Centre, Ndola, Zambia.
8Department of Epidemiology, Bloomberg School of Public Health, Johns
Hopkins University, Baltimore, Maryland, USA.
Received: 8 December 2013 Accepted: 16 April 2014
Published: 23 April 2014
References
1. Kamuliwo M, Chanda E, Haque U, Mwanza-Ingwe M, Sikaala C, Katebe-
Sakala C, Mukonka VM, Norris DE, Smith DL, Glass GE, Moss WJ: The changing
burden of malaria and association with vector control interventions in
Zambia using district-level surveillance data, 2006–2011. Malar J 2013,
12:437.
2. WHO: World Malaria Report. Geneva: World Health Organization; 2012.
Available from: http://www.who.int/malaria/publications/
world_malaria_report_2012/en/index.html [Accessed 15 June 2013]
3. Mharakurwa S, Thuma PE, Norris DE, Mulenga M, Chalwe V, Chipeta J,
Munyati S, Mutambu S, Mason PR, Southern Africa IT: Malaria epidemiology
and control in Southern Africa. Acta Trop 2012, 121:202–206.
4. NMCC: Zambia National Malaria Indicator Survey, 2010. Lusaka, Zambia:
National Malaria Control Centre, Ministry of Health; 2011.
5. NMCC: Achievements in Malaria Control, the Zambian Story 2000–2010.
Lusaka, Zambia: National Malaria Control Centre, Ministry of Health; 2011.
6. Spence-Lewis IM: Scaling up malaria control in Zambia: progress and
impact 2005–2008. Am J Trop Med Hyg 2011, 84:360. author reply 361.
7. Chizema-Kawesha E, Miller JM, Steketee RW, Mukonka VM, Mukuka C,
Mohamed AD, Miti SK, Campbell CC: Scaling up malaria control in Zambia:
progress and impact 2005–2008. Am J Trop Med Hyg 2010, 83:480–488.
8. Steketee RW, Sipilanyambe N, Chimumbwa J, Banda JJ, Mohamed A, Miller
J, Basu S, Miti SK, Campbell CC: National malaria control and scaling upfor impact: the Zambia experience through 2006. Am J Trop Med Hyg
2008, 79:45–52.
9. Roll Back Malaria: Progress and Impact Series: Focus on Zambia, Country
Report No 7, 2011. Available from: http://www.rollbackmalaria.org/
ProgressImpactSeries/docs/report7-en.pdf [Accessed 15 June 2013]
10. Wikipedia: Climate of Zambia. Assessed from [http://en.wikipedia.org/wiki/
Climate_of_Zambia], 2013. (Date Accessed 2008 Accessed, date last
accessed).
11. Central Statistical Office: Census of Population and Housing Preliminary Report
2001. Lusaka, Zambia: Ministry of Finance and National Planning; 2001.
12. WHO: Expert Committee on Malaria: Twentieth report. Geneva: World Health
Organization; 1998.
13. WHO: Malaria Indicator Definitions. Geneva: World Health Organization and
UNICEF World Malaria Report; 2005.
14. WHO: Global Malaria Programme. Geneva: World Health Organization;
2014.
15. WHO: Insecticide-Treated Mosquito Nets: a WHO Position Statement 2007.
Available from http://www.who.int/malaria/publications/atoz/
itnspospaperfinal.pdf?ua=1 (Accessed date: 10.30.2013).
16. Pulkki-Brannstrom AM, Wolff C, Brannstrom N, Skordis-Worrall J: Cost and
cost effectiveness of long-lasting insecticide-treated bed nets - a model-
based analysis. Cost Eff Resour Alloc 2012, 10:5.
17. Kilian A, Byamukama W, Pigeon O, Gimnig J, Atieli F, Koekemoer L,
Protopopoff N: Evidence for a useful life of more than three years for a
polyester-based long-lasting insecticidal mosquito net in Western
Uganda. Malar J 2011, 10:299.
18. WHO: Severe falciparum malaria. Trans R Soc Trop Med Hyg 2000,
94(Suppl 1):S1–S90.
19. Central statistical office: Census of Population and Housing. Lusaka, Zambia:
Ministry of Finance and National Planning; 2011.
20. Gillies MT, De Meillon B: The anophelinae of Africa south of the Sahara.
Publ South African Institute Med Res 1968, 54:343p.
21. Gillies M, Coetzee M: A Supplement to: The Anophelinae of Africa South of
the Sahara. Johannesburg: The South African Institute for Medical
Research; 1987. Publications of the South African Institute for Medical
Research no. 55.
22. WHO: Report of the WHO informal consultation. Test procedures for insecticide
resistance monitoring in malaria vectors, bio-efficacy and persistence of insecti-
cides on treated surfaces. Geneva; 1998:28–30. September.
23. Chanda E, Hemingway J, Kleinschmidt I, Rehman AM, Ramdeen V, Phiri FN,
Coetzer S, Mthembu D, Shinondo CJ, Chizema-Kawesha E, Kamuliwo M,
Mukonka V, Baboo KS, Coleman M: Insecticide resistance and the future of
malaria control in Zambia. PLoS One 2011, 6:e24336.
24. Chanda E, Kamuliwo M, Steketee RW, Macdonald MB, Babaniyi O, Mukonka
VM: An overview of malaria control. Am Med J 2013, 4:91–99.
25. Karema C, Aregawi MW, Rukundo A, Kabayiza A, Mulindahabi M, Fall IS,
Gausi K, Williams RO, Lynch M, Cibulskis R, Fidele N, Nyemazi JP, Ngamije D,
Umulisa I, Newman R, Binagwaho A: Trends in malaria cases, hospital
admissions and deaths following scale-up of anti-malarial interventions,
2000–2010, Rwanda. Malar J 2012, 11:236.
26. Zhou GF, Afrane YA, Vardo-Zalik AM, Atieli H, Zhong DB, Wamae P,
Himeidan YE, Minakawa N, Githeko AK, Yan GY: Changing patterns of
malaria epidemiology between 2002 and 2010 in Western Kenya: the fall
and rise of malaria. PLos One 2011, 6:e20318.
27. Kouyate B, Sie A, Ye M, De Allegri M, Muller O: The great failure of malaria
control in Africa: a district perspective from Burkina Faso. PLoS Med 2007,
4:e127.
28. Masaninga F, Chanda E, Chanda-Kapata P, Hamainza B, Masendu HT,
Kamuliwo M, Kapelwa W, Chimumbwa J, Govere J, Otten M, Fall IS,
Babaniyi O, Siziya S: Review of the malaria epidemiology and trends in
Zambia. Asian Pac J Trop Biomed 2013, 3:89–94.
29. Moss WJ, Hamapumbu H, Kobayashi T, Shields T, Kamanga A, Clennon J,
Mharakurwa S, Thuma PE, Glass G: Use of remote sensing to identify
spatial risk factors for malaria in a region of declining transmission: a
cross-sectional and longitudinal community survey. Malar J 2011,
10:163.
30. Clennon JA, Kamanga A, Musapa M, Shiff C, Glass GE: Identifying malaria
vector breeding habitats with remote sensing data and terrain-based
landscape indices in Zambia. Int J Health Geograph 2010, 9:58.
31. Haque U, Glass GE, Bomblies A, Hashizume M, Mitra D, Noman N, Haque W,
Kabir MM, Yamamoto T, Overgaard HJ: Risk factors associated with clinical
Mukonka et al. Malaria Journal 2014, 13:153 Page 6 of 6
http://www.malariajournal.com/content/13/1/153malaria episodes in Bangladesh: a Longitudinal Study. Am J Trop Med Hyg
2013, 88:727–732.
32. Haque U, Sunahara T, Hashizume M, Shields T, Yamamoto T, Haque R, Glass
GE: Malaria prevalence, risk factors and spatial distribution in a hilly
forest area of Bangladesh. PLos One 2011, 6:e18908.
33. Ministry of Health: National Malaria Strategic Plan 2011–2015: Consolidating
Malaria Gains for Impact. Lusaka Zambia: Ministry of Health; 2011.
doi:10.1186/1475-2875-13-153
Cite this article as: Mukonka et al.: High burden of malaria following
scale-up of control interventions in Nchelenge District, Luapula Province,
Zambia. Malaria Journal 2014 13:153.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
